July 2, 1935. J. A. DE PUY © 2,006,584

COMPRESSOR
_ Filed Feb. 4, 1933 3 Sheets—Sheet 1
25 4 %4
B R 25
% . = 26
S . 18 - 92;75
R &M/%/.S_ 4356 52 5643 39
42 A 35 > Y 39,18 A% = gﬁ
31 2 91 321
22 Vb V7 .
17 16 15—
16 A3 YF
SSSSh L 14 = tmw
12 i

\

Inventor

9axww/:/ ﬂz.@p,—)aw
> &oap e 4.,

Gttorneys




- July 2, 1935. J. A. DE PUY 2,006,584

COMPRESSOR

Filed Feb. 4, 1933 3 Sheets—Sheet 2

{ | ST
%-. Nl.‘ N
-
/]
S

8 /‘ el y
: St
|
h\ .
Y= s

|

—

e
|
— |
U~ [
N |
a
- 3 <x
xR}
B 2 \
.
o $ S
8 —
2 o
o
N
2N S
' N pentor
Zﬁ A JInpe

PE - . W@@ﬂ%xg/
” Gty it ..

(ittorneys

A2



2,006,584

J."A. DE PUY

July 2, 1935.

COMPRESSOR
Filed Feb. 4, 1933

3 Sheets—Sheet 3

o0

JInventor

amey @.D@Pmy

e

(ittorneys -

By




Patented July 2, 1935

UNITED STATES

2,006,584

PATENT OFFICE
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COMPRESSOR

Mac

tion/of Delaware

‘James A. De Puy, York, Pa., assignor to York Ice
inery Corporation, York, Pa., a corpora-

. Application February 4, 1933, Serial No, 655,242

19 Claims.

This invention relates to compressors, and par-
ticularly to unloading devices therefor.

The unloading mechanism here disclosed is ap-
plicable to a wide range of compressors, but will
be described, for purposes of explanation, as ap-
plied to a single-acting two cylinder compressor
of the trunk piston type, desxgned for use in a
refrigerating system.

It is common practice in the compressor art,

.10 and particularly in the refrigerating art, to drive
© compressors by constant speed motors, and when
this is done some means must be provided to vary
the capacity of the compressor in accordance
with variations, in the load. Heretofore in the
refrigerating art, 'where a -constant speed com-
‘pressor was operated continuously, manually op-
_ erated clearance valves or manually operated un-
loaders, have been customarily used. With the
growing trend toward automatic operation, man-~
90 Ually controlled unloaders of this type do not
meet the requirements of the service.

The variation in the load in refrigerating sys-
‘téms may be expressed in terms of temperature
of the refrigerated space, or in terms of head

95 Dbressure, or in terms of suction pressure, and

1

ot

one purpose of the present invention is to secure

a partial unloader which can be arranged to be
controlled in response to the variation of one or
more such physical conditions, as the particular

30 installation may demand.
The invention provides a pressure actuated un-
loading valve, preferably of the type which con-

trols a bypass from the working space in the.

-cylinder to the suction connection. When this
"85 .bypass valve is open the initial portion of the
. working stroke of the piston is rendered inef-
fective. Stated differently, the effective working
stroke is shortened by the opening of the unload-

- ing valve. ) )

40  If it is desired to secure a plurality of steps or
degrees of partial unloading more than one un-
‘loading valve may be used, the valves being lo-
cated at’ different points in the length of the
cylinder. This involves merely a duplication of

45 ‘the unloading valves and their actuating .pistons,
individual valves being controlled so as to re-
spond at successively different pressures or suc-
cesswely different temperatures as the case may
be.

50 An important characterlstl_c of the invention is
that the motive power for shifting the unloading
valve. is derived from the high pressure or dis-
charge connection of the compressor, and is so
contrived. as. to consume none of the compressed

55 fluid when the unloading valve is closed and only

(Cl. 230—22)

a negligible quantity of compressed fluid when
the valve is open.

The piston which actuates the unloading valve
is controlled by the opening and closing of a bleed
valve. This bleed valve may be operated in any
suitable manner by a pressure-responsive unit or
by a temperature responsive unit, but I find it
advantageous to operate this valve electrically
and to control its operating circuit by such re-
sponsive unit.

A preferred embodiment of the 1nvent10n in-

volving the application of a single unloading.

valve to each cylinder of a two cylinder single-
acting compressor, will now be described, it being
understood that the number of cylinders or work-
ing spaces is immaterial to the invention, and
that any desired number of unloading valves per
cylinder may be used, as-above suggested

In the drawmgs,

Fig. 1 is a view partly in elevatmn and partly
in vertical axial section of a compressor of the
type commonly used in refrigerating plants.

Fig. 2 is a greatly enlarged view looking to the
right relatively to Fig. 1, and showing the cylin-
der in which the unloading valve piston is mount-
ed and its connections.

Fig. 3 is an elevation of the cylinders of the com-
pressor, on 'a scale larger than Fig. 1, with a por-
tion broken away to show the unloading valve
in section. In this view the crank case, discharge
valves, cylinder heads, and pistons are omitted.

Fig. 4 is a plan view of the parts shown in

Fig. 3, parts béing omitted, as specified with ref--

erence to Fig. 3.
Fig. 5 is a wiring dlagram showing the control
for a single unloading valve.

Fig. 6 is a similar diagram showing the controls'

- for two unloading valves placed at different points
in the length of the stroke, and independently
controlled by devices responsive to a varying
physical condition. ] _
Fig. 7 is a view similar to Fig. 5 and showing

how an unloading valve can be controlled in re-

sponse to each of two variable physical conditions.

I represents the base of the compressor which
is formed with a crank case 12 and crank shaft
bearings 13, 13, for the usual crank shaft I4.
Crank shaft 14 carries a fly wheel 15 and may he

driven in any suitable manner. The driving

mechanism is not illustrated. The crank shaft
{4 drives, through connecting rods 16, two trunk
pistons .17, which work in the cylinders 18, pref-
erably cast as a unit. 'The suction connection of
the compressor is indicated at 19 and leads
through ports 21 in the cyhnder walls and through
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slots 22 in the trunk pistons 7 to the interior of
such trunk pistons. The inlet valves 23 are pop-
pet valves mounted in the heads of the pistons
I11. The upper ends of the cylinders are closed
by bonnets 24 which are bolted in place and which
support the loading springs 25 for the -safety
heads 26. These safety heads26 are arranged to
lift and relleve excess pressure, for example, if
liquid refrigerant should be drawn into the com-
pressor.
in it a discharge valve 21 of the poppet type
which controls flow through the safety head to
8 discharge passage 28 formed in the cylinder
casing. . )

To avoid confusion in the consideration of the
drawings, it may be mentioned that the compres-
sor illustrated in the drawings is provided with
duplicate suction and discharge connections on
the opposite sides of the cylinder block. There
are thus two suction connections 19, either of
which may be used and the other blanked, and
two discharge connections 28, either of which may

- be used and the other blanked. In Fig. 4 the

rear discharge connection is shown in use.
The construction of the compressor, as so far
described, conforms to known practice, and is not
claimed herein. It is to be understood that any
desired cylinder jacket structure may be incor-
porated, and that so far as the valve mechanism
and other structural details are concerned, the
widest variation permitted by the art is possible.
Formed in the wall of each cylinder I8 is an
unloading passage 3i (see Figs. 1 and 3). This
unloading passage 34 is connected with the work-
ing space of the cylinder I8 by a port 32 having
8 surrounding valve seat 33. At its other end it

-is connected with the suction of the compressor
~ or some space in free communication therewith.

In a compressor having a slotted trunk piston,

such as above described, it is convenient to cause.

the lower end of the passage 31 to communicate
through an opening 34 formed directly in the wall
of cylinder {8 with the interior of piston 11 by
way of the slots 22 already described.

Communicating directly with each passage 3i
is ‘a cylinder 35 in which is slidably mounted a
cup-shaped piston element 36 which is formed at
its inner end with a valve head 37 designed to co-
act with the sedt 33 and smaller in diameter than
the piston 36. The piston 36 is provided with
piston rings, as clearly shown on the drawings,and
with a central web 38 at its rear end, designed to
coact with an adjustable stop stem 35. The stop
stem 39 is threaded in the removable bonnet &
and is sealed with a packing gland. It may be
screwed in by rotating the hand wheel 42 until
it engages the web 38 and holds the valve 31 in
sealing engagement with seat 33.

Under normal operating conditions, however,
the pin 3¢ is fully retracted, as clearly shown in
Fig. 3, leaving the piston 36 free to shift. This
bypass valve construction is applied to each of
the cylinders {8, as cleariy shown in Fig, I.

A port 43 supplies pressure fluid to hold the

valve 37 normally closed. This port is shown

in Figs. 1 and 3 and more clearly in Fig, 2. With
it is connected a nipple 44 having a very restrict-
ed flow port 43. Connected to the nipple 44 is
a body 46 of a needle valve., The needle valve is
operated by turning the handle 27 and when
closed interrupts the flow of pressure fluid to
the restricted port 45. The needle valve is nor-
mally wide open so that port &5 determines the
rate of flow.

The discharge port 28 of the compressor is

Each safety head 26 has mounted with- -
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constructed in' duplicate, as before mentioned,

but only one is used, and in Fig. 4 the rear dis--

charge port (the upper one of the figure) is
shown in use. A discharge fitting 40 is shown
attached to this discharge port and is illustrated
as Including certain hand operated valves, whose
construction is not material to the present in-
vention and hence need not be described.

(5

Leading from the fitting 40 is a nipple 48, and -

so far as the present invention is concerned, it

10

suffices to say that this nipple is in constant

communication with the discharge passage 28,
and therefore conducts gas compressed in the
compressor to the T 49 and thence through the
branch pipes 50 to the bodies 46 of the needle
valves, already described. /

From the above it follows that when the com-
pressor is in operation, and assuming the needle
valves to be in their normal open condition, the
pistons 36 are subject on: their outer faces to
discharge pressure, and since the pistons 36 are
larger than the valves 31 which they actuate,
the effect is to hold the valves 37 closed against
any pressure which can be developed in the
compressor cylinder. This is true provided the

pressure acting on the pistons 36 is not dissipat- -

ed. It will be observed that the restricted port
45 limits the rate at which pressure fluid can be
supplied to the cylinders 35, so that if these cyl-
inders be vented through s port whose flow ca-
pacity exceeds the combined flow capacity of
the ports 45, the pistons 38 will -be relieved of

pressure and the valves 31 will be forced open

by pressures developed in the cylinders 18.

A vent pipe bl is connected to each of the cyl-
inders 35 and leads by way of T 52, and pipe 53
to the vent valve body 54. This valve body 54
is interposed between the branch $3 and a con-
nection 59 leading to. the suction side of the
compressor. As will be readily appreciated from
an examination of Fig. 3, the connection 59 leads

20

25

30

35

40

to the passage 3t of one cylinder, which is con-
nected with the suction port, as already de- -

scribed. :

The valve body 54 is provided with a seat 85
with which coacts valve 56. The valve 56 is
urged in a closing direction by a coiled compres-
sion spring .51 and may be drawn from its seat
by a solenoid or equivalent electro-motive de-
vice 63 enclosed in the housing 58.

The structure of the electro-motive device 63.

conforms to standard practice and is noi ma-
terial to the present invention. It will suffice
therefore to point out that if the device 63 is ex-
cited the valve 56 is lifted from its seat. If the
electro-motive device 63 1is deenergized the
spring 57 closes the valve 58. Since porf 53 is
given a capacity greater than the combined ca-
pacity of ports 45, the opening of the por: 5%

will relieve the pressure on the pistons 36 and .
permit these pistons to open and unload the -

cylinders. .

The movements of the pistons 38 are gradusl
in both directions and hammering does not oc-
cur. When the valve 56 opens, the port §8 will
start to bleed the pressure from the pistons 38
at a rate which somewhat exceeds the supply cf
pressure fluid through the ports §%. Conse-
quently the pressure on the pistons 36 falls grad-
rally and the pistons move cutward under cylin-
der pressure acting on their inner ends. When
the valve 58 closes the port 53 pressure acting
on the outer end of pistons 36 is restored but
is restored gradually because of the throttling

. effect of ports 45.

It has already been suggested that the num-
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ber of byp#k_s valves 81 is immaterial, and I con-

template the use of any desired number of such
bypass valves controlling communication from
- the working space of
Only one such passage is necessary -

a cylinder {8 to a pas-
sage 3.
for each cylinder. These valves 37 have their
ports 32 located at different points in the work-
ing stroke of the piston and are operated suc-
cessively so that as each successive valve opens
the unloading effect is increased. They close in
reverse order, successively diminishing the un-
loading effect.

A simple way to insure the desired serial action
is to provide a plurality of individually controlled
valves 56, one corresponding to each unloading
valve or set of simultaneously operated unload-
ing valves. This involves duplication of what is
shown in Figs. 1 and 3, but no change in opera-
tive principle. .

Referring now to Fig. 5, 61 represents the elec-
tric mains. 62 represents a manually operated
switch interposed in the controlling circuit. This
switch is normally closed. 63 represents the sole-
noid or other winding of the electro-motive device
63. 64 represents the switch element of any
to physical conditions,
such as a pressure switch, thermostatic switch, or
the like. The element responsive to pressure, tem-
perature, or other variable physical quantity, isin-
dicated at 65. Since these devices are well known,
and since their exact construction is jimmadterial,
they are indicated conventionally. When the re-
sponsive device 65 closes the switch 64 the wind-
ing 63 is excited. and opens valve 56. This vents
the pressure from pistons 36. The valves 31 then

cpen and unload the compressor to a degree de-

termined by the position cf port 32 relativcly
to the working stroke of the piston.

~ The control mechanism for two sets of unload-
ing valves is illustrated in Fig. 6. Here the mains
are indicated at 61, as pefore, and the manually
controlled switch at 62." There are two control-

- ling circuits connected in parallel, one of which

45

60

‘two-thirds,

passes through the winding 63a and the control
switch mechanism 64a, and the other of which
passes through the winding 63b and the control
switch mechanism 64b. The closing of the switch
64a by responsive element 65a energizes the wind-
ing 63a which may be assumed to control the
Jower unloading valve or set of unloading valves,
giving a slight unloading of the compressor, Say
one-third. The subsequent closing of the switch
64D by responsive element 65b would result in the
opening of the upper unloading valve or set of
unloading valves, rendering a larger portion, say
of the working stroke .of the piston
ineffective. To secure the desired result, it is
impertant that the responsive element 65a shall
operate in an unloading direction before respon-
sive element 65b operates in an unloading direc~
tion, and conversely. ,

The present invention is not concerned with
the control of the unloader by any particular vari-
able quantity, and it has already been suggested,
by way cf example, that the device might operate
in response to head pressure or to suction pres-
sure or to the temperature ofa rgfrigerated space.

Another possibility of control is indicated dia-
grammatically in Fig. 7, in which 61 represents
the supply mains and 62 the manually operated
switch, as before, while 63 is the solenoid or equiv-
alent winding identical with that shown in Fig.
5. Instead of using one switch 64, as suggested
with reference to Fig. 5, two switches, 64c and 64d
are shown as controlling the flow

of current

3

through the winding 63. The responsive elements
are shown at 65¢ and 65d. )

In Fig. 7 the switches are shown conrnected
in series, so that the opening of either one would
interrupt the circuit. Series .connection is &
mere matter of detail because, as is well under-
stood in the electric art, if the switches be con-

nected in parallel, the opening of both would be

necessary to interruption of the circuit. It is ob-
vious that one element, say 65¢ might respond
to one variable pressure, and the other, say 65d,
might respond to a different variable pressure,
or, if desirable, one might respond to pressure and
the other to temperature. Since the present in-
vention is not concerned with the particular de-
tail of such control, the purpose of the above sug-
gestion is primarily to indicate that the use of
remote controls, such as the electrical control
described, permits, in addition to ready control
from & distance, the greatest flexibility in choice
of controls, whether single or multiple. -

Another advantage of the jnvention. is that
since the unloading valve is actuated by pressure
developed by the compressor itself, the unloading
valve mechanism proper is self-contained.

As already suggested, the invention can be used
with a wide range of compressors. Furthermore,
the motor device, comprising the shifting piston
with throttled supply and controlled vent might
be combined with unloading valves of a type
specifically different from that shown. "While

10

15

20

30

electrical control is preferred, for reasons stated, -

it is obvious that the valve §6 might be operated

by other means than those specifically described.
What is claimed is,— B
1. The method of regulating the output of a gas
compressor which comprises varying the effective
stroke of the compressor in. response to varia-

35

tions in the rate of back flow of a portion of the .

compressed gas from the discharge to the inlet
of the compressor; and controlling said rate of
back flow. ) v _

9. The method of regulating the: output of a
gas compressor which comprises varying the ef-
fective stroke of the compressor in response to

variations in the rate of back flow of a portion of

the compressed gas from the discharge to the inlet
of the compressor; and controlling said rate of
back flow in response to a variable physical condi-
tion affected by the operation of the compressor.

3. The method of regulating the output of a

40

50

gas compressor which comprises varying the ef- -

sfective stroke of the compressor in response to
variations in the rate of back flow of a portion of
the compressed gas from the discharge tothe inlet
of the compressor; and controlling said rate of
back flow in response to
veloped by the operation of the compressor.

4. The method of regulating the output of a gas
compressor which comprises varying the effec~
tive stroke of the compressor in response to varia-
tions in the rate of back flow of a portion of the
compressed gas from . the discharge to the inlet
of the compressor; and controlling said rate of
back flow in response to a variable temperature
developed by the operation of the compressor.

5. The combination of a compressor including
a piston; means for varying the effective working
strcke thereof; a movable abutment for actuating
said stroke varying means; means permitting a
restricted flow of pressure fluid from the discharge
of said compressor to the space at one side of said
q.butment,to devélop an operating pressure against
said abutment; valve means controlling venting
of said pressure; and means responsive to a

a variable pressure de-.

55 .
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physical condition established by said compressor
for actuating said valve means.

6. The combination of a compressor including a
piston; bypass controlling valve means for vary-
ing the length of the effective working stroke of
said piston; means comprising a movable abut-
ment for actuating saiq/ valve means; means per-
mitting a restricted flow of pressure fluid from
the discharge of said compressor to the space at
one side of said abutment to develop an operat-
ing pressure against said abutment; valve means
controlling venting of said pressure; and means
responsive to a physical condition established by
said compressor for operating the last-named
valve means. .

7. The combination of a compressor of
the cylinder and piston type including means
forming discharge and suction ports .and
an unleading port, said unloading port be-
ing disposed in the cylinder wall of - the
compressor intermediate the limits of working
stroke of the compressor piston; means forming
& bypass connecting said unloading port with said
suction port; a differential valve normally closing
said unloading port, said valve being exposed on
one side to cylinder pressure and on its other side
to discharge pressure when in said normailly closed
position; and means responsive to a predeter-
mined physical condition for relieving the dis-
charge pressure on said valve whereby said un-

- loading port is opened to permit flow of fluid

through said bypass and partially unload the com-

_pressor. ‘ '

8. The c‘ombiné}tion of a compressor of
the cylinder and piston type including -means

-forming discharge\ and suction ports and an

unloading port, said unloading port being
disposed in the cylinder wall of the com-
pressor intermediate the limits of working
stroke of the compressor piston; means forming
& bypass connecting said unloading port with said
suction port; a differential valve normally closing
said unloading port, said valve being exposed on
one side to cylinder pressure and on its other side
to discharge pressure when in said normally closed
condition; and means responsive to a predeter~

mined temperature condition for relieving the -

discharge pressure on said valve, whereby said
unleading port is opened to permit fow of fuid
through said bypass and partially unload the
compressor. .

9. The combination of a compressor of the
cylinder and piston type including means forming
a discharge passage and suction and unloading
ports; said unloading port being disposed in the
cylinder wall of the compressor intermediate the
limits of travel of the compressor piston; means
forming a bypass connecting the unloading port
with the suction port; a valve normally closing

. said bypass and being held in closed position by
the discharge pressure of the compressor- imposed -

on one side of the valve; and means responsive
to a predetermined physical condition for effect-
ing reduction of said imposed pressure whereby
the valve is opened by pressure on the other side
thereof.

10. The combination of a compressor including
a piston; means for varying the effective working
stroke thereof; a movable abutment for actuat-
ing said stroke varying means; means for sub-
Jjecting said abutment to the pressure of the com-
pressed fluid discharging from said compressor;
means for relieving said abutment from the pres-
sure just named; and means responsive to @

2,008,584

physical condition established by said compressor
for actuating the last-named means.

11. The combination of a compressor including

a piston; bypass controlling valve means for vary-
Ing the length of the effective working stroke of
said piston; means comprising a movable abut-
ment for actuating said valve means; means for
subjecting sald abutment to the pressure of the
compressed fluid discharging from said com-
pressor; means for relieving said abutment from
the pressure just named; and means responsive
to a physical condition established by said com-
pressor for actuating the last-named means.
12. The combination of a compressor including

"means forming an unloading passage which con-
. nects the compression space with the suction con-

nection during a portion of the working stroke:

10

means normally subject to discharge pressure for

closing said unloading passage; and means re-
sponsive to a physical condition established by
said compressor for relieving the last-named
means from said pressure.

13. The combination of a compressor including
means forming an unloading passage which con-
nects the compression space with the suction con-
nection during a portion of the working stroke;
a valve controlling said passage and subject in an
opening direction to pressure in said working
space; a movable abutment larger than said valve
connected to actuate the same and normally sub-
ject in a valve closing direction to the discharge
pressure developed by said compressor; and means

responsive to a physical condition established by

said compressor for relieving said abutment of
said pressure. :

14. The combination of a compressor including.

means forming an unloading passage which con-
nects the compression space with the suction of
the compressor during at least a portion of the
working stroke; a valve controlling said passage
and subject in an opening direction to pressure
in said working space; a movable abutment larger
than said valve connected to operate the same
and when subject to pressure urging said valve
in a closing direction; means for bleeding pres-
sure fluid from the discharge of said compressor
at a restricted rate to act against said abutment;
valve means serving when open to vent pressure
acting upon said abutment to the suction of the
compressor at a restricted rate which slightly
exceeds the rate of supply of pressure fluid the_re-
to; and means responsive to a physical condition
established by said compressor for actuating the
last-named valve. :

15. The combination of a compressor of the ex-
pansible chamber type; means for varying the
effective working stroke thereof; a movable abut-

. ment for actuating said stroke-varying means;

means for controlling the actuating pressure on
said abutment, comprising a choke and a valve
of larger flow capacity than the choke, one con-
trolling a supply of pressure fluid and the other
an exhaust thereof; and means responsive to a
physical condition established by said compressor
for actuating said valve, '

16. The combination of a compressor of the
expansible chamber type; means for varying the
effective working stroke thereof; a movable abut-
ment for actuating said stroke-varying means:
means for controlling the actuating pressure on
said abutment, comprising a choke and a valve
of larger flow capacity than the choke, one con-
trolling a supply of pressure fluid and the other
an exhaust thereof; means responsive to a physi-
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cal condition established by said compressor for
actuating said valve; and manually operable
means for holding said stroke varying means in
its maximum-stroke position.

17. The combination of a compressor includ-
ing means forming an unloading passage which
connects the compression space with the suc-
tion connection during a portion of the work-
ing stroke; means normally subject to discharge
pressure for closing said unloading passage;
means respensive to a physical condition estab-
lished by said compressor for relieving the last-
named means from said pressure; and manu-
ally operable means for retaining said means sub-
jeet to discharge pressure in its passage-closing
position. : .

18. The combination of a compressor compris-
ing a cylinder and a piston moving therein, said
cylinder having an tunloading port leading
through its wall, and arranged to be overtraveled
by the piston in its working stroke at part stroke;
a combined abutment and valve controlling said
port and urged in an opening direction by pres-
sure in -the cylinder; a connection for supplying
pressure fluid to act on said abutment in a di-
rection to close said port; means for controlling

ERRET

5
the pressure so developed on said abutment com-
prising a choke and a valve of larger flow capac-
ity than the choke, one being interposed in said
connection and the other controlling a vent; and
means responsive to a physical condition estab-
lished by said compressor for opening and closing
the last-named valve. : L
19. The combination of a compressor compris-
ing a cylinder and a piston moving therein, said
cylinder having an -unloading port leading
through its wall and arranged to be overtraveled
by the piston in its working stroke at part stroke;
& combined abutment and valve controlling said
port and urged in an opening direction by pres-
sure in.the cylinder; a connection for supplying
pressure fluid from the compressor discharge to
act on said abutment in a direction to close said
port; means for controlling the pressure so de-
veloped on said abutment comprising a choke and
a valve of larger flow capacity than the choké,
one being interposed in said connection and the
other controlling a vent; and means responsive
to & physical condition established by said .com-
pressor for opening and closing the last named

valve. . _—
X JAMES A.-DE PUY.
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